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(g) Method for reducing waveform distortion In an electrical utility system and circuit for an electrical 
utility system. 



(57) The invention relates to an interference sup- 
pression method and circuit for an electrical 
system, said electrical system comprising a 
main transformer (2) with a star point (12), 
phase leg conductors (L1, 12, 13) connected to 
the transformer (2), a neutral conductor (N) 
connected to the earth potential (3) and to the 
star point (12) of the transformer (2), and loads 
(5) connected between the phase leg conduc- 
tors (L1, L2, L3) and the neutral conductor (N), 
said loads being connected to the neutral con- 
ductor (N) at connection points (4). in accord- 
ance with the invention a bandstop filter (1) 
tuned at a center frequency 3*f is connected 
between the star point (12) of the transformer 
(2) and the connection points (4) of the loads 
(5). 
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Th inv ntion r lates to a method for reducing 
waveform distortion according to the preambl of 

claim 1 . . 
The invention also concerns a circuit for use in an 

electrical utility system. 

Nonlinear loads which do not have a sinewave in- 
put current waveform but which rather steal a current 
pulse with steep leading and trailing edges, generat- 
ing harmonic distortion on the voltege waveform of an 
electrical system. Such consumers are, e.g., minia- 
ture fluorescent lamps equipped with an electronic 
ballast: these lamps consume a current pulse of only 
1.5 ms duration aHhe top of the 50 Hz voltage half- 
wave. Moreover, in a modern office environment the 
electrical system may be comprehensively loaded by 
problematic consumers of equally low quality includ- 
ing computers, copiers, printers and air-conditioning 
equipment with electronic speed control. The domin- 
ating overtone component namely the third harmon- 
ic, caused by such loads is summed almost arithmet- 
ically on the neutral conductor of the electrical sys- 
tem. In practice, almost two-fold currents have been 
measured on the neutral conductor with respect to the 
current of the phase legs. Conventionally, the neutral 
conductor has no overload protection, and with the 
steady increase of electric energy consumption, a 
hazard situation is imminent Furthermore, the third 
harmonic of the mains frequency has been identified 
as a source of interference with computer equipment 
and communications facilities. 

It is an object of the present invention to over- 
come the shortcomings of the above-described tech- 
nology and to achieve an entirely novel method of 
electrical interference reduction method for electrical 
utility networks and a filtering circuit for use in an 
electrical utility network. 

The invention is based on placing a bandstop fil- 
ter between the star point of the main transformer and 
the connection points of the loads, whereby the cen- 
ter frequency of the filter is tuned at the third harmon- 
ic of the mains frequency. 

More specifically, the method according to the in- 
vention is characterized by what is stated in the char- 
acterizing part of claim 1. 

Furthermore, the circuit according to the inven- 
tion is characterized by what is stated in the charao 
terizing part of claim 5. 

The invention offers significant benefits. 
The method according to the invention is capable 
of preventing neutral conductor overloading, and fur- 
thermore, magnetic fields caused by currents in the 
neutral conductor can be ssentially reduced. Addi- 
tionally, interference with communications and com- 
puter quipment is reduced. Also power losses 
caused by th third harmonic component can b ef- 
f ctively reduced. By virtue of using a saturable mag- 
netic st I circuit the impedance of the flit r can be 
made extr mely low for short-circuit currents. 



In the following, th invention will be examined in 
more detail by means of ex mplif ying mbodiments 
with referenc to the attached drawings, in which: 
Figure 1 is a basic diagram of an electrical circuit 
s according to the invention; 

Figure 2 is the circuit diagram of a filter embodi- 
ment employed in the method according to the in- 
vention; 

Figure 3 is a side view of an inductor structure 
to suited for implementing the inductance of Fig. 2; 
and 

Figure 4 is a graph illustrating the impedance vs. 
frequency characteristic of a filter configuration 
corresponding to that shown in Fig. 2. 
15 With reference to Fig. 1. an electrical utility sys- 
tem TN-S comprises a main transformer 2 with a star 
point 12, phase leg conductors L1 t L2 and L3, a neu- 
tral conductor N and a protective earth conductor PE. ^ 
Electric energy is transferred in an electrical system 
20 using alternating current at a frequency f 0 which typ- 
ically is 50 Hz in Europe and 60 Hz on the North Amer- 
ican continent. Loads 5 and 5' are connected be- 
tween the phase leg conductors L1 - L3 and the neu- 
tral conductor N. The loads 5 and 5' are connected to 
25 the neutral conductor N at connection points 4 and 4'. 
The neutral conductor N is further connected to th 
actual earth potential at an earthing point 3. Accord- 
ing to the invention, a bandstop filter 1 , V or 1" tuned 
to filter away the third harmonic of the mains f requen- 
30 cy (3*f 0 ) is connected to the neutral conductor N be- 
tween the connection point 4 (or 4') of the load 5 (or 
5*) and the actual earth potential 3, or between trans- 
former star point 12 and neutral conductor N. 

With reference to Fig. 2, the filter is typically 
35 formed by a series-parallel connected circuit tuned to - 
the third harmonic of the mains frequency comprising 
series-connected inductance L and resistance R m 
parallel with capacitance C. As mentioned above, th 
filter resonant frequency is 3»f 0 . which is 150 Hz in 
40 Europe and 180 Hz in the USA, respectively. If the re- 
sistance R is small, the resonant frequency of the fil- 
ter is approximately determined by the equation 
1 - <&LC = 0, 

where in a 50 Hz network o> = 2**150 1/s. According 
45 to the invention, the inductor can have either an air- 
core, magnetiosteel core or ferrite core structure. 
The air gap of a magnetic-steel or ferrite core is di- 
mensioned so as to avoid saturation of the core ma- 
terial at a neutral conductor current of twice the nom- 
50 inal phase leg current 

The inductance t is advantageously formed by a 
number of small, parallel-connected, magnetic steel 

core inductors. 

H re, the total current-carrying cross sect! n of 
55 the conductors of the parallel-connected inductors 
must be at least equal to the cross section of the neu- 
tral conductor. The impedance Z of the filter is 
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Z = 



*(1 -o> 2 LC7f)+/Q)L(1+^-) 

it 



Ll= N® = N 



A 

b 



K F T R/ 

in which 

^ = §,8 = ^,7=^,^ = -^, R f represents iron 
core losses 

The eddy current losses of the inductor core in- 
crease proportional to the square of the magnetic flux 
frequency. To keep the Q-value of the inductor suffi- 
ciently high, the core must be made either from a fer- 
rite material or laminated from special-grade, low- 
loss "electrical" sheet steel. 

With reference to Fig. 3, a typical embodiment of 
the inductor L for the circuit of Fig. 2 is shown. The 
cross section of the neutral conductor is assumed to 
be 35 mm 2 for l n = 125 A. The capacitance of the ca- 
pacitor C is selected as 2.64 mF. Then, the filter circuit 
can be tuned to resonance at 150 Hz using an induc- 
tor L with an inductance of 0.426 mH. In practice, the 
width l 0 of the air gap 7 and the cross section of 
the magnetic circuit center leg 10 determine the first 
approximation of the inductance of one inductor of the 
filter according to the equation 



k 

where N is the number of turns in the inductor winding 
and uo is the permeability of vacuum (1,256 uH/m). 

In this case the air gap l 0 has a value of 7.6 mm 
when the number of turns N is 1 16 and the cross sec- 
tion of the inductor center leg 10 is 10.9 cm 2 . 

In the inductor assembly, the E-shaped magnetic 
steel core laminations 8 are trimmed such that the 
center legs are shorter by half the air gap, that is, i</2 
= 3.8 mm. Hence, when two identical laminated 
stacks 8 are juxtaposed, the total air gap 7 will be 7.6 
mm as desired. 

A winding of 116 turns is wound about the center 
leg 10 using copper wire of dia. 3.0 mm. To make the 
total cross section of the winding conductors more 
than 35 mm 2 , i.e. more than the cross section of the 
neutral conductor, e.g., ten inductor windings can be 
connected in parallel. The winding form 9 is com- 
pressed between the laminated core halves 8 during 
the assembly of the inductor. 

With reference to Fig. 4, the filter impedance, 
reaches its maximum value of 10 ohm at the 150 Hz 
center frequency and the filter impedance falls below 
0.15 ohm at 50 Hz. 

Next, the magnetic circuit must be checked not to 
saturate at the current level of 250 A in the neutral 
conductor N of a 50 Hz electrical system. Then, the 
current through each winding of a single inductor is I 
= 1/10*250A=25A. 

The peak value f the magnetic flux and the mag- 
netic induction is computed 
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* _ 4.26-25* V^KHVfc . 1 2fir 
11610.34.KHm 2 " 
If the magnetic core of the inductor of filter 1 is 
driven to saturation, harmonics will be generated in 
the electrical system. 

In the following the saturation of the magnetic cir- 
cuit is checked with computer loads, which can exeed 
40 V at the third harmonic (e.g. 150 Hz). 



f)(150Hz) = 



40V2V 



116-300n--10.34-10^m2 
s 



= 0.507 



The arithmetic sum of the the 50 Hz (or 60 Hz) 
iduction and 150 Hz (or 180 Hz) induction has an f- 
fect on the saturation of the magnetic core. 

However, the saturation of the magnetic core at 
short-circuit current levels has the benefit that the re- 
actance of the filter is reduced to a fraction of its nor- 
mal value approaching that of an air-core inductor. 
Then, the fuse protection of the system is quickly trip- 
ped in the short-circuit situation, whereby harmonics 
25 generated on the neutral conductor N during a period 
of less than a second cause no harm in the system. 

A 50 Hz unbalanced current flowing through the 
third harmonic filter in accordance with the inventi n 
causes a movement of the zero point of phase voltag- 
es. The filter should be dimensioned such that this 
movement of the zero point is less than 8 % of the 
phase voltage. In other words the inductance of the 
filter should be dimensioned at 50 Hz below a certain 
value. This rule can be presented as an equation: 



0.08|o n 
LflMX = V3-100tc./ w 



Further, the third harmonic filter in accordance 
with the invention should be dimensioned such that 
^ the product of the current in the neutral conductor and 
the impedance of the filter at 150 Hz are at least equal 
to the total interference voltage at 150 Hz. 



Claims 

1. An interference suppression method for an elec- 
trical system, said electrical system comprising a 
main transformer (2) with a star point (12), phase 
leg conductors (L1 ( L2, L3) connected to the 
transformer (2) and a neutral conductor (N) which 
at its one end (3) is connected to the earth poten- 
tial (3) and the star point (12) of the transformer 
(2) and at its other end (4) to loads (5), in which 
electrical system electric energy is transferred at 
a frequency f, 
characterized in that 

- a bandstop filter (1) tuned at a cent rfre- 
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qu ncy 3*f is connected between the star point 
(12) of the transform r (2) and the conn ction 
points (4) of the loads (5). 

2. A method as defined in claim 1 , characterized in 
that the bandstop filter (1) tuned at a center fre- 
quency 3*f is connected between the earth po- 
tential connection point (3) of the neutral conduc- 
tor (N) and the connection points (4) of the loads 
(5). 

3. A method as defined in claim 1 or 2, character- 
*Ized*in»that4he«bandstop*M 
parallel-resonant circuit 

4. Amethod as defined in claim 3, characterized in 
that the inductance (L) of said parallel-resonant 
circuit is formed by an inductor with a magnetic 
steel orferrite core whose air gap is dimensioned 
so as to avoid saturation of the inductor magnetic 
circuit (8) at a neutral conductor a 50 Hz current 
of twice the nominal phase leg current when at 
the same time there is a third harmonic voltage 
(40 V) over the filter. 

5. A circuit for an electrical system, said electrical 
system comprising 

- a main transformer (2) with a star point (1 2), 

- phase leg conductors (L1, L2, L3) connect- 
ed to the transformer (2), 

- a neutral conductor (N) connected to the 
earth potential (3) and to the star point (12) 
of the transformer (2), and 

- loads (5) connected between the phase leg 
conductors (L1 , L2, L3) and the neutral con- 
ductor (N), said loads being connected to 
the neutral conductor (N) at connection 
points (4), 

characterized in that 

- a bandstop filter(1) tuned ata centerfre- 
quency 3»f is connected between the star point 
(12) of the transformer (2) and the connection 
points (4) of the loads (5). 

6. A circuit as defined in claim 5, characterized in 
that the bandstop filter (1) tuned at a center fre- 
quency 3*f is connected between the earth po- 
tential connection point (3) of the neutral conduc- 
tor (N) and the connection points (4) of the loads 
(5). 

7. A circuit as defined in claim 5 or 6, characterized 
in that the bandstop filter (1) is formed by a par- 
allel-resonant circuit 

8. A circuit as defined in claim 7, characterized in 
that the inductance (L) of said parallel-resonant 
circuit is formed by an inductor with a magnetic 



steel or fenite core whos air gap is dimensioned 
s as to avoid saturation of the inductor magn tic 
circuit (8) at a neutral conductor a 50 Hz current 
of twice th nominal phase leg current when at 
the same time there is a third harmonic voltage 
(40 V) over the filter. 
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